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Gaugino condensation scale of one family hidden SU(5)′, dilaton
stabilization and gravitino mass
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The hidden SU(5)′ with one family, 10′ and 5′, breaks supersymmetry dynamically. From the
effective Lagrangian approach, we estimate the hidden sector gaugino candensation scale, the dilaton
stabilization and the resulting gravitino mass. In some models, this gravitino mass can be smaller
than the previous naive estimate. Then, it is possible to raise the SU(5)′ confining scale above 1013
GeV.
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I. INTRODUCTION
The hidden sector gaugino condensation has long been
suggested toward the minimal supersymmetric standard
model (MSSM) via the gravity mediation of supersym-
metry (SUSY) breaking [1]. The gravity mediation of the
gaugino condensation introduces the squark mass split-
ting at the gravitino mass scale which has been naively
estimated to be of order Λ3/M2P , leading to the hidden
sector scale Λ at∼ 1013 GeV. Including extra dimensions,
the Kaluza-Klein modes work “pro and con” toward a
gauge coupling unification below the open-up scale of the
extra dimensions [2]. In this regard, it is an interesting
attempt to try to obtain a raised hidden sector scale Λ
together with the gravitino mass more suppressed byMP
[3]. In Ref. [3] the gravitino mass is shown to be highly
suppressed, m3/2 ≃ Λ6/M5P , but there a specific form for
the superpotential has been assumed.
Thus, in the presence of the hidden sector gaugino con-
densation, it is an important question to ask, “What is
really the gravitino mass?”, and the answer can be ap-
plied to the gravity mediation and also to the gauge me-
diation of SUSY breaking (GMSB) [4]. In this paper,
we attempt to analyze a proper global SUSY breaking,
which is then applied to obtain a gravitino mass in terms
of the hidden sector scale. We will obtain a gravitino
mass suppressed by M2P , but a smaller gravitino mass
results from the strong dynamics of the hidden sector.
The hidden sector dynamics necessarily needs an infor-
mation how the dilaton S is stabilized. For the dilaton
stabilization, we can assume a ‘race-track’ model [5], but
here we will attempt to obtain the dilaton stabilization
in the effective Lagrangian approach [15] in the presence
of a dynamically generated SUSY breaking source.
The flipped-SU(5) GUT was introduced as another
path of SO(10) branching [6], and recently it has been ap-
plied to two dark matter components [7]. In some Z12−I
compactifications of the heterotic string, it is possible to
obtain three families in the flipped-SU(5) gauge group in
Z12−I compactifications [8, 9, 10].
It is known that dynamical breaking of SUSY is possi-
ble in some chiral gauge models [11, 12]:
SU(5)
′
with 10′ and 5
′
(1)
SO(10)
′
with 16′ . (2)
Motivated by this observation, we study one hidden
SU(5)′ family, 10′ and 5′ plus possible Nf numbers of
5′ and 5′. With one 10′ and one 5′, we cannot construct
a composite superfield of the form, 10 · 10 · 10 · 5. How-
ever, there exist two composite superfields constructed
with the gluino and matter fields [4, 13],
Z ∼ WαβWβα , (3)
Z ′ ∼ ǫαγηχξWαβWγδ 10′νβ5
′
ν10
′ηδ10′χξ, (4)
where Wαβ is the hidden sector gluino superfield, sat-
isfying Wαα = 0, (α = 1, 2, · · · , 5). There is no more
SU(5)′ invariant independent chiral combination. The
addition of vector-like representations does not change
the fate of SUSY breaking of the single family case
since the Witten index is not changed [14]. The pure
SUSY gauge models lead to the effective superpotential
W ∼ Z(logZ − constant) below the confinement scale
from which one can always obtain a SUSY condition [15].
On the other hand, one family SU(5)′ is classified as an
‘un-calculable’ model [16], but it has been argued that it
would break SUSY [11, 13]. In terms of the composite
chiral fields Z and Z ′, two SUSY conditions cannot be
satisfied simultaneously and hence SUSY is broken [17].
The key instanton diagram which dictates how one loop
effect can be written is shown as a spider diagram in Fig.
1.
Assuming that we know the scale of the spider dia-
gram, we can open up some lines of Fig. 1 with two
gravitinos as shown in Fig. 2. Closing the gluino lines of
Fig. 2, we can estimate the contribution to the gravitino
mass by Fig. 2 of order
m3/2 ≃ (a factor) ·
f
′12Φ′〈G˜G˜〉
M2PΛ
13
(5)
where Φ′ is a dimension 1 chiral field and f ′ is its decay
constant. The expression (5) has the 1/M2P and the other
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FIG. 1: The spider diagram Fig. 5 of Ref. [17] shown for the
case of Nf = 0. Two green bullets and a red bullet determine
the scale of the instanton effect.
factors are calculable in principle if the hidden sector
dynamics is known.
In Sec. II, we show how the hidden sector scale Λ
appears in determining the SUSY breaking minimum.
In Sec. III, supergravity effects are included and the
gravitino mass is estimated. In the final section, Sec. IV,
we comment how our observation can be used to obtain
reasonable MSSM models from an ultra-violet completed
theory.
II. GLOBAL SUSY BREAKING IN CHIRAL
SU(5)′ GAUGE THEORY
Now, let us proceed to consider the one family SU(5)′
model, with 10′ and 5′. Then, the following SU(5)′ sin-
glet vector fields can be considered,
V10 ∼ 10′ · 10′∗, V5¯ ∼ 5′ · 5′∗, V5 ∼ 5′ · 5′∗.
These vector fields do not contribute to an effective po-
tential but can give rise to couplings of the form∫
d4θ[V10g10 + V5¯g5¯ + V5g5 + · · · ]
where g10, g5¯ and g5 are real functions of the SU(5)
′ sin-
glet composite fields. Since we lack a method to treat
this general form, we restrict to the known nonpertur-
bative effects guided by the instanton interaction. Then,
we can consider two SU(5)′ singlet composite chiral fields
considered in Eqs. (3) and (4).
Due to the index theorem, the model with a 10′, a 5
′
,
plus Nf copies of 5
′ and 5
′
breaks SUSY. The quantum
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FIG. 2: The opened spider diagram of Fig. 1. The gravitino
line is the ones with bullets. Other diagrams are also possible
by opening other fermion lines by gravitino. Two green bullets
and a red bullet determine the scale of the instanton effect,
and hence this diagram is proportional to the one given in
Fig. 1 times 1/M2P .
U(1)A U(1)B U(1)R U(1)q
10′ 3
2
1 2
9
(Nf − 10) −
1
3
(2Nf + 1)
5
′
1 −3 2
3
1
5′i 1 3 2
3
1
5
′
i 1 −3
2
3
1
Z 0 0 2 0
Z′ 11
2
0 2
3
(Nf − 6) −2Nf
M 2Nf 0
4
3
Nf 2Nf
Z′M 2Nf +
11
2
0 2(Nf − 2) 0
Λ3Nc−2−Nf 2Nf +
11
2
0 0 0
TABLE I: Here, Z = G˜G˜, Z′ = WW10′10′10′5
′
, and
M =Det.5′i5
′
j .
numbers of the global symmetries are as shown in Table
I [17]. We defined the charges such that the U(1)R is
anomaly free, and there is only one anomalous U(1): the
U(1)A. The U(1)A is broken by the SU(5)
′ instantons.
Below the SU(5)′ confinement scale, we can consider only
two effective chiral fields as suggested in [13]. In addition,
we must consider the global symmetries of the flavors 5′
and 5
′
: SU(Nf ) × SU(Nf + 1). This flavor symmetry
SU(Nf) × SU(Nf + 1) must be realized below the con-
finement scale Λ as [18]:
(a) If the flavor symmetry remains unbroken, there ap-
pear Nf singlets for the fundamental of SU(Nf )
and Nf+1 singlets for the fundamental of SU(Nf+
31).
(b) If all or a part of the flavor symmetry is broken,
there appear the corresponding composite Gold-
stone boson multiplets.
For (a), we cannot find the matching number for the
composite singlets. For (b), we can find the matching
number for the Goldstone bosons, i.e. in the phases of
Z ′(i) ∼ ǫacfghG˜ab G˜cd10eb5e(i)10fd10gh,
i = 1, · · · , Nf + 1, (6)
M∼ 5(i)5(j), TrM = 0,
i = 1, · · · , Nf , j = 1, · · · , Nf + 1. (7)
The number of Goldstone bosons in (6) is Nf + 1, and
the number of Goldstone bosons in (7) is Nf (Nf + 1)−
1. Thus, the total number of Goldstone bosons for the
case of (b) is (N2f + 2Nf). This is the number resulting
if SU(Nf ) × SU(Nf + 1) is broken down to SU(Nf):
(N2f − 1) + ((Nf + 1)2 − 1)− [N2f − 1]⇒ N2f + 2Nf .
So we consider the composite fields considered in (3)
and (4) with Nf = 0. The instanton interaction is a
determinant, i.e. the flavor group singlet, and we con-
sider all these fields appearing in the diagram, like Z ′M
for Nf 6= 0. Then, the effective superpotential is
WSU(5) = Z
[
log
(
Z2−NfZ ′M
Λ3Nc−2−Nf
)
− α
]
. (8)
Since there appear only one combination in (8), we can
redefine Z ′M for the effective interaction as considered in
Table I. But certainly there are more fields if Nf 6= 0,
for which the stabilization of these extra (N2f +2Nf − 1)
fields must be taken into account also, which is out of
scope of this paper.
Toward the directions Z and Z ′M, for the dynamically
generated effective superpotential respecting the global
symmetries, we use Eq. (8) [17] where α is considered
as a coupling. It was shown that for Nf = 3, the SUSY
conditions cannot be satisfied and SUSY is dynamically
broken [17]. Let us define the following Φ and Φ′ such
that their engineering dimensions are 1,
Φ = Z/f2, Φ′ = Z ′M/f
′6+2Nf (9)
where f and f ′ are scale parameters. In principle, the
decay constants f and f ′ are determined by the hidden
sector dynamics. These are expected to be near the scale
Λ. The effective superpotential is
WSU(5) = f
2Φ
[
log
(
f4−2Nf f
′6+2NfΦ2−NfΦ′
Λ13−Nf
)
− α
]
= f2Φ
[
log
(
f4−2Nf f
′6+2NfΦ2−NfΦ′
Λ13−Nf eα+1
)
+ 1
]
Let us rescale Λ such that Λ13−Nf eα+1 → Λ13−Nf and
hence we can use the following superpotential without
loss of generality,
WSU(5) = f
2Φ
[
log
(
f4−2Nf f
′6+2NfΦ2−NfΦ′
Λ13−Nf
)
+ 1
]
.
(10)
Consider the case of Nf = 3 which leads to a simple
analysis,
WSU(5) = f
2Φ
[
log
(
f
′12Φ′
f2Λ10Φ
)
+ 1
]
(11)
∂WSU(5)
∂Φ = f
2
[
log Φ
′
Φ + log
(
f
′12
f2Λ10
)]
∂WSU(5)
∂Φ′ = f
2 Φ
Φ′
(12)
The SUSY conditions from the upper and lower equa-
tions of (12) are Φ′/Φ = f2Λ10/f
′12 and Φ/Φ′ = 0, re-
spectively, which are mutually inconsistent.
Note that Φ and Φ′ possess 4 real fields which are de-
noted as ρ, ρ′, δ, and θ,
Φ = ρeiδ, Φ′ = ρ′ei(δ+θ). (13)
We can write V0 as
V0/f
4 =
∣∣∣∣log Φ′Φ + log
(
f ′12
f2Λ10
)∣∣∣∣
2
+
∣∣∣∣ ΦΦ′
∣∣∣∣
2
= (− log ξ + log ǫ)2 + ξ2 + θ2 (14)
where
ξ =
ρ
ρ′
, ǫ =
f ′12
f2Λ10
. (15)
The minimum conditions ∂V0∂ρ = 0 and
∂V0
∂ρ′ = 0 give
the same condition
log ξ = log
f ′12
f2Λ10
− ξ2. (16)
For given f and f ′, one can find a solution as depicted
in Fig. 3. Without SUSY, we expect that the conden-
sation of two gluinos is much more stronger than that
of hidden sector quark and anti-quark pairs. For the
chiral representations, we have less information on the
condensations. Furthermore, SUSY can change this view
of condensations of fermions, and therefore we treat f
and f ′ as unknown free parameters near but somewhat
below the scale Λ. Then, the RHS of Eq. (16) is ex-
pected to be negative, and a solution for ξ < 1 is a pos-
sibility. Let that number be for example O(–10). Then,
ξ ∼ e−10 ≃ 4.5 × 10−5. The h-gluino condensation scale
is f2〈ρ〉 which in this case is of order (3.6 × 10−2Λ)3
4ξ
1
c = 0
c = −0.3
c = −1
FIG. 3: A schematic view of the solution of Eq. (16). The
vertical axis is the LHS or the RHS of Eq. (16). The solid
curve is the LHS and dashed curves are the RHS. Here, c
represents log f
′12
f2Λ10e(α+1)
. For a large negative c, the solution
for ξ is exponentially small.
which gives about two orders smaller gaugino condensa-
tion scale compared to Λ. For example, for α = −1 and
f = Λ we have
log ξ = −ξ2 + 12 log f
′
Λ
and find an approximate solution ξ ≃ (f ′/Λ)12 or ρ ≃
ρ′(f ′/Λ)12. So, the gaugino condensation scale is of order
〈G˜G˜〉1/3 ≃ f2/3〈ρ′〉1/3
(
f ′
Λ
)4
∼
( 〈ρ′〉
Λ
)1/3(
f ′
Λ
)4
Λ
(17)
The power 13 of 〈ρ′〉 is small, and hence its effect is minor
compared to the effect of the power of f ′. So, the gaugino
condensation scale can be exponentially smaller than the
hidden sector scale Λ for f ′/Λ ≪ 1, which is traced to
the property of the high engineering dimension of the
operator Z ′.
III. SUPERGRAVITY AND GRAVITINO MASS
If supergravity is considered, the above DSB leads to a
nonvanishing gravitino mass. The gravitino mass is given
in the supergravity Lagrangian as [19, 20, 21],
m3/2 =
M2S√
3MP
. (18)
In our case, the SUSY breaking parameter M2S is the
F-terms,
M2S =
∑
i
Fi = f
αβ
κ (G
−1)κi λ
αλβ + eG/2(G−1)jiGj (19)
where G is the superpotential modified Ka¨hler function,
G = K+log |W |2, fαβ is the gauge kinetic function, and
fαβκ is the derivative of f
αβ with respect to the chiral
field φκ. If the gauge kinetic function is a constant, the
F-terms of Z and Z ′ give the gravitino mass. Since the
effective Lagrangian is arising from Fig. 1, the gravitino
mass can be shown as Fig. 2.
Let us now include the dilaton superfield S in the gauge
kinetic function. Motivated by the heterotic string, let
us consider the following Ka¨hler potential,
K(S, S∗; Φ,Φ∗,Φ′,Φ′∗) = −M2P log(S+S∗)+ΦΦ∗+Φ′Φ′∗,
(20)
from which the potential is calculated as
V = eK/M
2
P
[
(K−1)ijDiWDjW − 3
M2P
|W |2
]
(21)
where Di = (∂/∂φ
i) + (∂K/∂φi) and φi = {S,Φ,Φ′}.
Considering the result of Sec. II, let us take
W ≡ Z
[
log
(
Z2−Nf Z′Φ
Λ3Nc−2−Nf
)
− α− S4MP
]
+ C
=W0 − S4MP Z + C (22)
where W0 is WSU(5) of Eq. (8) with α modified by the
dilaton coupling, and a constant C is added as a free pa-
rameter resulting from the U(1)R breaking gravitational
interaction. The term −(1/4MP )SZ in W has been con-
sidered previously [22], but its consequence on the grav-
itino mass from one family SU(5)′ model has never been
presented before. Since we are looking for a solution at
a large value of S, i.e. in the perturbative region, we
can just read off the original gaugino coupling below the
confinement scale as − 14MP SZ. Then, we must consider
the following Ka¨hler potential dependence,
eK =
1
S + S∗
e(|Φ|
2+|Φ′|2)
KSS∗ =
1
(S + S∗)2
, KΦΦ∗ = 1, KΦ′Φ′∗ = 1
DSW =
−1
S + S∗
[
W0 + C − f
2SΦ
4
+
f2(S + S∗)Φ
4
]
DΦW =
∂W0
∂Φ
− f
2S
4
+ (W0 + C − f
2SΦ
4
)Φ∗ (23)
DΦ′W =
∂W
∂Φ′
+
∂K
∂Φ′
W =
∂W0
∂Φ′
+ (W0 + C − f
2SΦ
4
)Φ′∗
so that we obtain
5K−1 SS
∗
DSW (DSW )
∗ =
∣∣∣∣W0 + C − f2SΦ4 + f
2(S + S∗)Φ
4
∣∣∣∣
2
|DΦW |2 =
∣∣∣∣∂W0∂Φ − f
2S
4
+ (W0 + C − f
2SΦ
4
)Φ∗
∣∣∣∣
2
|DΦ′W |2 =
∣∣∣∣∂W0∂Φ′ + (W0 + C − f
2SΦ
4
)Φ′∗
∣∣∣∣
2
(24)
where we set MP = 1 for a moment. Thus, the potential is expressed as
V =
e(|Φ|
2+|Φ′|2)/M2P
(S + S∗)/MP
{
V0 +
|W0 − 14MP f2SΦ|2
M2P
( |Φ|2
M2P
+
|Φ′|2
M2P
− 2
)
+
f4
16
(
|S|2
M2P
+
(S + S∗)2|Φ|2
M4P
) +
[
−f
2S∗
4MP
(
∂W0
∂Φ
+ (W0 − f
2Φ
4MP
S)
Φ∗
M2P
)
+ h.c.
]
+
[
(
W ∗0
M2P
− f
2S∗Φ∗
4M3P
)
(
∂W0
∂Φ
Φ +
∂W0
∂Φ′
Φ′ +
1
4MP
f2(S + S∗)Φ
)
+ h.c.
]}
(25)
where we omitted the terms depending on C of Eq. (24).
This C will be used only for adjusting the cosmological
constant to zero, and hence for simplicity we will neglect
its dependence of the dilaton stabilization.
Let us choose the real fields as
ρ, ρ′, δ, θ, and S = σeiθMI , (26)
where the following 2π ranges of the angles are assigned,
θ = (−2π, 0], δ = (−π, π], θMI = (−π, π]. (27)
Since the principal value of θ appears as polynomials in
our expression, we choose our convenient range of θ end-
ing at 0. Then, we obtain the following potential
2σcr/MP
e(ρ
2+ρ′2)/M2
P
V = V0 +
f4ρ2
M2P
(
ρ2
M2P
+
ρ
′2
M2P
− 2
)
·
(
| − log ξ + log ǫ+ 1|2 + θ2 + σ
2
16M2P
− σcr
2MP
(− log ξ + log ǫ + 1) + σcr
2MP
θ tan θMI
)
+
f4σ2
16M2P
(
1 +
4ρ2 cos2 θMI
M2P
)
− f
4σcr
2MP
(1 +
ρ2
M2P
) [(− log ξ + log ǫ) + θ tan θMI ]− f
4ρ2σcr
2M3P
+
f4ρ2σ2
8M4P
+
2f4ρ2
M2P
{
(− log ξ + log ǫ+ 1− σcr
4MP
)(− log ξ + log ǫ+ 1 + σcr
2MP
)
+ θ(θ − σ sin θMI
4MP
)
}
(28)
where V0 is given in Eq. (14). In applying the above equation, we take the positive parameters except the angles.
Representing V in terms of dimensionless fields, σ˜ = σ/MP , h = ρ/MP and h
′ = ρ′/MP , we obtain
V
f4
=
e(h
2+h
′2)
2σ˜ cos θMI
{V0
f4
− σ˜
2
[
(− log ξ + log ǫ) cos θMI + θ sin θMI
]
+
σ˜2
16
+ h2
[
σ˜ cos θMI(− log ξ + log ǫ + 1) + σ˜
2
4
cos2 θMI
]
(29)
+ h2
(
h2 + h
′2
)
·
[
(− log ξ + log ǫ + 1)2 − σ˜
2
cos θMI(− log ξ + log ǫ + 1)
+
σ˜2
16
− σ˜
2
θ sin θMI + θ
2
]}
.
6Note that in the limit of MP →∞, i.e. h, h′ → 0, the dilaton is stabilized at
σ˜ ≃ 4
√
V0/f4 = 4
√
(− log ξ + log ǫ)2 + ξ2. (30)
h
σ˜
h′ = 10−5
h′ = 0.8× 10−5
h′ = 1.2× 10−5
1× 10
−8
2× 10
−8
3× 10
−8
0.1
2.0
4.5
FIG. 4: The dilaton stabilization point σ˜ = |S|/MP as a
function of h. We take f = Λ/2 and f ′ = Λ/2.
In Fig. 4 we show the dilaton stabilization for f =
f ′ = Λ/2. At this dilaton stabilized point, the potential
is V ≃ (1/σ˜)√V0[
√
V0− f2 log(ǫ/ξ)]. So far we neglected
C of Eq. (22), and V is tuned to 0 by an appropriate
choice of C.
In the limit MP → ∞, we obtain ξ → ǫ for a small ǫ.
Then, the F-terms of S,Φ and Φ′ fields at the minimum
of the supergravity potential are, viz. Eq. (12),
FS ≃ −f
2heiδ
4
, F ′Φ ≃ f2ξe−iθ,
FΦ ≃ f2(− log ξ + log ǫ+ iθ), (31)
so that the gravitino mass from Eq. (18) becomes
m3/2 ≃
f2√
3MP
∣∣∣− heiδ
4
− log ξ + log ǫ
+ ξe−iθ + iθ
∣∣∣
≃ f
2
√
3MP
|(− log ξ + log ǫ)2 + θ2|1/2 (32)
where we used the limit ξ → 0 and h → 0 in the second
line. Toward a suppressed gravitino mass, we need both
the ratio ǫ/ξ being sufficiently close to 1 and θ ≃ 0. Then,
the gravitino mass is accordingly suppressed. From (29),
in this limit the phase stabilization is determined at θ = 0
and cos θMI = 1. At this vacuum, Eq. (32) can give a
reduced gravitino mass for ξ/ǫ ≃ 1.
Thus, in principle, the gravitino mass is determined by
the effective Lagrangian approach, with which the dilaton
is stabilized. But due to our ignorance on the parameters
in the confining sector, f, f ′, andK, we cannot determine
the gravitino mass exactly in the effective Lagrangian
approach.
Because of the difficulty in estimating the order of the
absolute magnitude, one may resort to the original dy-
namical source due to the instanton diagram. Fig. 1 has
two more loops (the hidden sector gluino–quark loops)
compared to Fig. 2 (the Nf = 0 case). A naive esti-
mation of these two loops would be (1/8π2)2 times the
hidden sector coupling times the relevant mass scale of
the hidden sector. Since Fig. 1 has 11 loops, the mo-
menta going around one loop is averaged to Λ/11. So,
we roughly estimate the missing two loops contribute
∼ (1/64π4)(Λ/10)ν where ν can be taken as 4, the hid-
den sector coupling of O(1) and we use 10 instead of 11
(considering Fig. 1) or 9 (considering Fig. 2). If there
are Nf pairs of 5
′ and 5
′
, we may divide Λ by 10 +Nf .
Therefore, we estimate the diagram shown in Fig. 2 as(
64π4(10 +Nf)
4
Λ4
)
f
′12+2NfΦ′
M2PK
9+2Nf
ψ¯3/2ψ3/2G˜G˜ (33)
from which we estimate for K ≃ Λ
m3/2 ≃ 64π4(10 +Nf )4
f
′12+2Nf 〈Φ′〉〈G˜G˜〉
M2PΛ
13+2Nf
. (34)
For example, taking 〈G˜G˜〉/K3 ∼ 〈G˜G˜〉/Λ3 ∼ 2.5× 10−7
due to small 〈Φ〉, Φ′ = Λ, f ∼ 1/2, f ′ ∼ 1/10, and Λ =
1016 GeV, Eq. (34) gives 3.4× 10−2Λ3/M2P ∼ 7.5× 10−6
GeV for Nf = 3. However, we have observed that the
gravitino mass has one inverse power of MP and hence,
correcting the above number by multiplying MP /F
1/2 ∼
105, we obtain m3/2 ∼ 1 GeV. Therefore, hidden sector
dynamics may lead to a very close ξ and ǫ in Eq. (32).
IV. CONCLUSION AND COMMENTS
In this paper, we estimated the gravitino mass in one
hidden family SU(5)′ models in terms of the hidden sector
scale Λ in the vacuum where the dilaton is stabilized and
showed that it is possible to reduce the gravitino mass
than the previous naive estimate. So, starting with the
hidden sector coupling much above Λ ≫ 1013 GeV, one
can obtain a sufficiently small gravitino mass or the sub-
TeV mass splittings in the visible sector superfields by
gravity mediation. Then, a TeV order SUSY scale can
be in principle calculated in the GMSB or/and anomaly
mediation. The reduced gravity mediation effect can be
included if it is non-negligible.
For an ultra-violet completion of this kind of DSB
with one hidden family SU(5)′ group, compactifications
in Z12−I orbifolds in the heterotic string and F-theory
are suitable. For example, we find in Z12−I orbifold com-
pactifications that there frequently appear hidden sector
7one family SU(5)′ groups. Among these, choosing three
visible sector families, the number of such models is dras-
tically reduced. Requiring other phenomenological con-
straints, this number is further reduced. We presented
two such models before [4, 10]. If one starts from a
universal gauge coupling at the GUT unification point
(& 1016 GeV) of the visible sector couplings, both of
these models predict the hidden sector scale above 1013
GeV, naively predicting the gravitino mass much above
the TeV scale. Of course, contributions from the Kaluza-
Klein modes between the string scale and the GUT scale
may change [2] this undesirable feature, but the models
presented in [4, 10] and probably most models listed in [2]
work in the opposite direction because the β function of
the hidden sector gauge group is smaller than that of the
visible sector gauge group. The mechanism we discussed
in this paper can remedy this dilemma. Namely, starting
with a universal gauge coupling at the GUT unification
point even with a large hidden sector scale, presumably
near Λ ∼ 1016 GeV, one can achieve a sufficiently small
gravitino mass so that a TeV order visible sector SUSY
scale may result from the other sources such as from the
GMSB [23].
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Appendix
In this Appendix, we present the mixing between the
spin 32 component and the spin
1
2 component by the DSB.
We note that Fig. 2 is the essential one leading to the
gravitino mass, including both the source of DSB of Fig.
1 and the U(1)R invariance: The DSB source, the green
and red blobs, give the U(1)R invariance and the U(1)R
charges of two gravitino lines, and two gluino lines add
up to zero. So, Fig. 2 is the basis for calculating the
gravitino mass, by relating the spin- 32 component to the
Goldstino component spin- 12 . It is in parallel to the gauge
boson mass by coupling the spin-1 component Aµ to the
Goldstone boson component spin-0 a. In the flat space,
we note that for a particle with a nonzero helicity, the
mass term changes the helicity h because the massive par-
ticle cannot move faster than the speed of light and one
can Lorentz-boost such that the helicity h looks changed.
So, the coupling of two helicity states with ∆h = 1 is the
mass of the nonzero helicity particle.
For spontaneous breaking of U(1) gauge symmetry,
one starts with a coupling e(∂µφ
∗ + eAµφ∗)φAµ from
(eAµφ∗)(eφAµ) where φ
∗ part is shown as a gauge in-
variant form under Aµ → Aµ − (i/e)∂µλ(x) and φ∗ →
eiλ(x)φ∗. If 〈φ〉 = 0, the U(1) gauge boson cannot couple
to a longitudinal component. However, if the gauge sym-
metry is broken by a vacuum expectation value of φ, one
can take a unitary gauge to represent φ as a Goldstone
boson dependent function φ = (v/
√
2)eia/f . Then, the
quantity inside the bracket (eAµφ∗) can be gauge trans-
formed to Aµ → Aµ − (i/e)∂µλ(x) and φ∗ → eiλ(x)φ∗.
The x dependent function a(x)/f is identified as the di-
mensionless gauge function λ(x), and one obtains the Aµ
(transverse component) to ∂µλ (longitudinal component
= Goldstone boson) coupling e(ev∂µλ/
√
2)(v/
√
2)Aµ,
and hence the gauge boson mass is e2v2.
We can view Fig. 2 as the SUSY invariant coupling
respecting the global symmetries, and close the gluino
lines to introduce another green blob. Namely, we in-
tegrate out strongly interacting fields and consider only
light fields Z and Z ′Φ, and hence only the second term of
Eq. (19) is considered. Instead of Fig. 2, along the above
paragraph we try to obtain the ψ3/2 (transverse compo-
nent) to ∂µλ1/2 (Goldstino) coupling to obtain the grav-
itino mass where λ1/2 is defined to carry dimension
1
2 .
Namely, λ1/2 = (MP /F )ψG where ψG is the Goldstino
field.
In the zero vacuum energy, let us consider the magnetic
moment type gravitino coupling to chiral fields toW [20,
21] and the Goldstino (ψG) coupling
e−1LF →
{
MP e
G/2ψµσ
µνψν =
W
M2
P
ψµσ
µνψν
XGG
(35)
where we can use (10) for W , G is the Goldstino super-
field, andX is an auxiliary field splitting scalar partner of
G from the massless ψG. So, we can assign the auxiliary
field X as
X = Fϑ2 (36)
so that the Goldstino ψG remains massless in the bro-
ken SUSY case. ψG has dimension 3/2. The first
term of (35) is an interaction term and is not a grav-
itino mass term yet. The SUSY transformations of
(35) relate spin- 32 components to spin-
1
2 components.
Firstly, the SUSY transformation of ψµ to ψ1/2 gener-
ates (3W/M2P )ψ1/2ψ1/2 because three components in ψµ
in the γµψµ = 0 gauge goes to one component in ψ1/2.
Note that ψ1/2 has dimension 3/2 and the suffix
1
2 de-
notes a two-component spinor. Therefore, due to the
Goldstino definition as the F-term breaking of SUSY as
given in Eq. (36), we interpret ψ1/2 = ψG/
√
3. Dimen-
sion 1/2 Goldstino field λ1/2 is the Goldstino direction
λG = (MP /F )ψG, taking into account the gravitational
charge 1/MP and the SUSY breaking scale F . Dimen-
sion −1/2 Goldstino field λ−1/2 is required to have the
same dimension as the Grassmann variable ϑ and hence
λ−1/2 = (MP /F )λ1/2. The downward (twice) SUSY
transformations of ψµ will lead to ∂µ(λ−1/2/
√
3). The
upward (twice) SUSY transformations of a chiral field in
W will lead to the F-term of that field, i.e. FΦ for exam-
ple. Thus, the upward SUSY transformation of (W/M2P )
8will be
∑
φκ=Φ,Φ′
∂W
∂φκ
Fφκ
M2P
=
f2
M2P
[(− log ξ + log ǫ)FΦ + ξFΦ′ ]
=
F 2
M2P
=
f4
M2P
[(− log ξ + log ǫ)2 + ξ2] (37)
where we used Eqs. (12). Therefore, from down-
ward and upward SUSY transformations inside the
bracket of ( W
M2
P
ψµσ
µν)ψν , we obtain ∼ ∂µλ−1/2ψµ ∼
(MP /F )∂
µλ1/2ψµ,
F 2
M2P
∂µ
(
λ−1/2√
3
)
σµνψν =
F√
3MP
(∂µλG)σ
µνψν (38)
The SUSY breaking scale is F =
√
F 2Φ + F
2
Φ′ =
f2[(− log ξ + log ǫ)2 + ξ2]1/2. Therefore, the coefficient
of (∂µλG)ψµ is
mmixing3/2 =
f2√
3MP
[(− log ξ + log ǫ)2 + ξ2]1/2 (39)
where we labeled the mass as ‘mixing’ since we calculated
it from the mixing of spin- 32 and spin-
1
2 components. We
can see that Eq. (39) is basically the same as m3/2 of
Eq. (32).
Note that the vacuum energy is given by
Vvac = k|Vvac| = F 2 − 3 |W |
2
M2P
(40)
=
∫
d2ϑW − 3 |W |
2
M2P
(41)
where k = 1, 0, and −1 for the dS, flat and AdS spaces,
respectively. Namely,
∫
d2ϑW =
∑
φκ=Φ,Φ′
∂W
∂φκ
Fφκ = 3
|W |2
M2P
+ k|Vvac|, (42)
and the gravitino mass in the curved space has the same
form in terms of F , i.e. 3 |W |
2
M2
P
does not cancel F 2 exactly
in the curved space.
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